Randomly bred guinea pigs of both sexes were injected intracardially with one-half a 50% lethal dose of Listeria monocytogenes. When these animals were skin tested with 30 ,g of a water-soluble extract of sonically disrupted Listeria, animals had uniformly detectable levels of delayed-type hypersensitivity (DTH) 6 days after infection. Many workers have suggested that in vitro antigen-induced incorporation of [3H Ithymidine by sensitized lymphocytes correlates well with in vivo levels of DTH as determined by skin testing and indeed may be a more sensitive measure of DTH (7, (11) (12) (13) 
dine varied for individual animals. In contrast to the early onset of uniformly detectable levels of in vivo DTH, in vitro lymphocyte blastogenesis was not uniformly demonstrable until 14 
Studies of acquired cellular resistance to
Listeria monocytogenes in the mouse and rat suggest that the development of acquired cellular resistance is dependent upon the development of delayed-type hypersensitivity (DTH) (9, 10) . Studies in this laboratory (5) showed that, in guinea pigs infected with one-half a 50% lethal dose of Listeria, bacterial multiplication occurs only during the first 24 h after infection. Listeria-infected animals are also resistant to a small challenge dose of Listeria given 48 h, 7 days, or 2 weeks after the primary infection. However, for this species DTH, as, detected by in vivo skin testing, is not uniformly detectable until day 5 or 6 postinfection, suggesting that the development of acquired cellular resistance is not dependent upon the development of DTH.
Many workers have suggested that in vitro antigen-induced incorporation of [3H Ithymidine by sensitized lymphocytes correlates well with in vivo levels of DTH as determined by skin testing and indeed may be a more sensitive measure of DTH (7, (11) (12) (13) . This paper reports the results of studies designed to further characterize the immunological response of guinea pigs to a primary Listeria infection using four parameters: (i) onset Antigen. The water-soluble extract of sonically disrupted Listeria was prepared by using a modification of the method of Hinsdill and Berman (6) . Six liters of BHI broth (500 ml/flask) was inoculated with agar slant subcultures of the frozen stock and incubated on a shaker at 37 C. After 18 h, phenol was added at a final concentration of 5% (wt/vol), and the flasks were incubated for a further 8 h. The killed bacteria were collected by centrifugation at 7,000 x g for 30 min at 4 C and washed once with sterile saline and three times with sterile distilled water. The washed cells were suspended in enough distilled water to give a final volume of 50 ml and disrupted by sonic oscillation. The disrupted cells were centrifuged at 18,400 x g for 30 min at 4 C, and the supernatant was set aside. The cellular debris was suspended in 50 ml of distilled water and centrifuged as above. The two supernatants were combined and filtered (Whatman no. 1 filter paper). Samples (5 [3H]thymidine assay. Purified lymphocytes were diluted to a concentration of 5 x 106 cells/ml in Eagle MEM containing 100 U of penicillin per ml, 80 gg of streptomycin per ml, and 20% heat-inactivated normal guinea pig serum. The cells were dispensed in 0.1-ml aliquots in Linbro microtiter plates (model IS-FB-96-TC, Linbro Chem. Co., Inc., New Haven, Conn.). Various dilutions of Listeria antigen were added to the wells in 0.1-ml aliquots with final well concentrations of 2.0 and 0.2 mg/ml, and 20, 2.0, 0.2 and 0.02 Mg/ml. Cells incubated in MEM containing normal guinea pig serum but no Listeria antigen served as controls. A second set of specificity controls consisted of lymphocyte cultures prepared from guinea pigs 28 days after a primary Listeria infection and incubated in the presence of purified protein derivative (PPD; Parke-Davis, Co., Detroit, Mich.) in MEM.
Plates were incubated at 37 C in an atmosphere of Antibody titrations. Serum samples from Listeriaimmune animals were tested for the presence of Listeria-specific antibody using a passive hemagglutination test. Listeria antigen was coupled to sheep erythrocytes using the bisdiazobenzidine procedure recommended by Campbell et al. (2) . A standard reference antiserum pool prepared by hyperimmunization of guinea pigs with living and killed Listeria in complete Freund adjuvant served as a positive control for all titrations. The reference antiserum in addition to all test and control serum samples were inactivated by heating to 56 C for 30 min and then absorbed for 15 min at room temperature with an equal volume of washed, packed sheep erythrocytes prior to microtitration using twofold serial dilutions. Titers are expressed as the reciprocal of the highest serum dilution at which hemagglutination was observed.
Histological preparations. At varying time intervals after skin testing, experimental and control animals were randomly chosen for sacrifice. Reaction sites were removed for histology, fixed in Helly fixative (100 ml of Zenker solution and 5.0 ml of 40% formaldehyde), embedded in paraffin, and sectioned at 5 gm as described by Askenase (1) . The sections were stained with Giemsa and observations were made by light microscopy.
Calculation of stimulation index (SI). Figure 2A -C represents the histological features of a 24-h skin test site elicited in an animal infected 7 days previously. Many of the small vessels in Listeria-immune guinea pigs showed perivascular cuffing ( Fig. 2A and B) . Although the majority of the infiltrating cells were indeed mononuclear, occasional polymorphonuclear cells were observed as indicated by arrows in Fig. 2C . Lymphocyte blastogenesis. (i) Antigen dose response. Purified peritoneal lymphocytes were taken from six guinea pigs 28 days after a primary infection with Listeria. Figure 3 each animal, with two animals responding maximally to concentrations of 20 ig/ml with SIs of 12.41 and 13.96 (Fig. 3) . Lymphocytes from three animals responded maximally in the presence of 200 ig of Listeria antigen per ml with SIs of 1.22, 9.20, and 53.36. One animal responded maximally in the presence of 2.0 ug/ml with an SI of 12.96. Also note that a concentration of 2,000 ,ug/ml uniformly gives an SI of less than 1.0, indicating a cytotoxic effect at this high concentration. It was clear, therefore, that a wide range of antigen concentrations had to be employed to estimate the in vitro potential of lymphocytes to undergo blastogenesis.
(ii) Specificity of the response. The potential of PE lymphocytes harvested from normal guinea pigs to undergo blastogenesis in the presence of Listeria antigen is shown in Fig. 4A cytes from these same cell donors were shown to undergo blastogenesis in the presence of specific antigen, i.e., Listeria antigen dose-dependent responses (Fig. 3) .
(iii) Development and persistence of the in < 0.01). It should be pointed out, however, that cells from only three of the five animals assayed at 2 years postinfection were shown to be significantly positive.
(iv) Delayed-type hypersensitivity, lymphocyte blastogenesis, and humoral antibody production after a primary Listeria infection. The immune response of individual guinea pigs after a primary infection with Listeria (Table 1) provides for direct comparison of (i) in vivo DTH, (ii) in vitro blastogenesis, and (iii) humoral antibody production. Several generalizations become apparent upon examination of these data.
There appears to be no direct correlation between the level of DTH and the SI of individual animals. In most instances when a significant SI was obtained, cell donors were also shown to be skin test positive. Several exceptions exist for animal no. 30 (28 days after infection) and animals no. 40, 42, and 43 (730 days after infection) which were skin test negative but whose cells did undergo significant blastogenesis in vitro. The reverse relationship, i.e., skin test positivity and a nonsignificant SI, occurred in 12 of the 44 animals tested. Of these 12 animals, seven were found in the first group tested at day 7 postinfection.
Data not recorded in Table 1 showed that the five to six animals tested on each day prior to day 7 were sometimes DTH positive beginning on day 4; all were uniformly negative in terms of SI. At 730 days after infection, only two of the five animals showed DTH but cells obtained from three of these animals did show significant blastogenesis.
In general, animals tested at 14, 21, 28, and 84 days postinfection were shown to be positive for both DTH and in vitro blastogenesis. In no instance was it possible to demonstrate appreciable, if any, humoral antibody production after a primary Listeria infection.
DISCUSSION
The onset of uniformly demonstrable DTH after primary infection of the guinea pig with Listeria was shown to occur on day 7 postinfection in the present study (Fig. 1) . These results confirm the findings previously obtained in this laboratory (10) . In the present study, it was deemed necessary to histologically characterize the skin test lesion. Skin biopsies were taken 4 to 48 h after skin testing, placed in Helly fixative, and stained with Giemsa according to the procedure recommended by Askenase (1) . Use of this histological procedure instead of the conventional fixation in formalin and staining (8, 15, 16) . The latter was considered especially important in view of the fact that Listeria antigen has been shown to be a potent but nonspecific B-cell mitogen for mouse spleen cells (4) .
Pilot studies carried out using the in vitro blastogenic assay revealed a definite antigendose dependence in terms of realization of maximum levels of stimulation (Fig. 3) . Specificity controls employing peritoneal lymphocytes from normal donors confirmed the fact that Listeria antigen was incapable of acting as a nonspecific mitogenic agent (Fig. 4A) . Although PPD has been shown to be a nonspecific B-cell mitogen for the guinea pig (17) , attempts to induce blastogenesis of Listeria-immune peritoneal lymphocytes using PPD as the in vitro stimulatory agent were unsuccessful (Fig.  4B) . These findings provide a reasonable assurance that Listeria antigen-induced blastogenesis of Listeria-immune peritoneal lymphocytes is indeed a T-cell mediated phenomenon which is immunologically specific.
Blastogenesis assays carried out with peritoneal lymphocytes harvested from animals from days 0 through 6 In the present study, attempts to establish a direct relationship between in vivo levels of DTH and in vitro blastogenesis were made utilizing the data obtained from individual animals as presented in Table 1 . These findings permit us to make only several broad generalizations. No direct correlation exists between the in vivo level of DTH and in vitro blastogenesis. More often than not, however, cell donors showing significant in vitro blastogenesis are skin test positive. For the Listeria-guinea pig system it appears that in vivo skin testing lends itself more readily and uniformly to measurement of the onset of DTH than assessment of DTH utilizing the in vitro blastogenesis assay. 
